The aerodynamic drag of a sedan vehicles is due to separation of flow near the vehicle's rear end is one of the major causes. To delay flow separation, bump-shaped vortex generators are tested on the roof end. Commonly used on aircraft to prevent flow separation, vortex generators themselves create drag, but they also reduce drag by preventing flow separation at downstream. The overall effect of vortex generators can be calculated by sum of the positive and negative effects. Since this effect depends on the shape and size of vortex generators, those on the vehicle roof are optimized .This study presents the optimisation of various aerodynamic characteristics in a Sedan car using computational tools such as CFX and also by using experimental testing using scaled models in the wind tunnel.
Introduction
To save energy and to protect the global environment, fuel consumption reduction is primary concern of automotive development. In vehicle body development, reduction of drag is essential for improving fuel consumption and driving performance, and if an aerodynamically refined body is also aesthetically attractive, it will contribute much to increase the vehicle's appeal to potential customers. However, as the passenger car must have enough capacity to accommodate passengers and baggage in addition to minimum necessary space for its engine and other components, it is extremely difficult to realize an aerodynamically ideal body shape. (1) This paper aims at investigating aerodynamics of hatchback model car, measuring drag coefficient in particular and observing airflow around the body. There are two means of measuring the drag, the first is by simulating the air flow via computational fluid dynamics (CFD) suite, and the second is by using wind tunnel experiment. Observation on air flow around the body is also highlighted here with emphasis on the results from CFD simulation.
DRAG CHARACTERISTICS IN A CAR MODEL

Drag force
The aerodynamic drag coefficient is a measure of the effectiveness of the stream line body shape in reducing the air resistance to the forward motion of the vehicle .The air flow over a vehicle is also complex. It is necessary to develop semi-empirical models to represent the effect therefore; aerodynamic drag is defined by the following equation.The coefficient of pressure is calculated using following equation.
(1) Q Where P is the reference pressure and Q is the dynamic pressure,
Where dynamic pressure is equal to difference between static pressure and total pressure P-P =1/2 v² (3) P = Measured pressure N/m² , P = static pressure N/m² , = density of air , V= wind velocity (m/s)
C d =aerodynamic drag co efficient, A=frontal area of the vehicle (m 2 ), =Air density
Boundary layer
Air has viscosity, that is, there is internal friction between adjacent layers of air, whenever there is relative air movement, consequently when there is sliding between adjacent layers of air, energy is dissipated. When air flows over a solid surface a thin boundary layer is formed between the main airstream and the surface. Any relative movement between the main airstream flow and the surface of the body then takes place within this boundary layer via the process of shearing of adjacent layers of air. When flows over any surface, air particles in intimate contact with the surface loosely attach themselves so that relative air velocity at the surface becomes zero, see Figure 1 . The relative speed of the air layers adjacent to the arrested air surface film will be very slow; however, the next adjacent layer will slide over an already moving layer so that its relative speed will be somewhat higher. Hence the relative speed will be somewhat higher. Hence the relative air velocity further out from the surface rises progressively between the air layers until it attains the unrestricted main airstream speed. 
Flow Separation and Reattachment
The stream of air flowing over a car's body tends to follow closely to the contour of the body unless there is a sudden change in shape, see Fig. The front bonnet (hood) is usually slightly curved and slopes up towards the front windscreen, from here there is an upward windscreen tilt (rake), followed by a curved but horizontal roof; the rear windscreen then tilts downwards where it either merges with the boot (trunk) or continues to slope gently downwards until it reaches the rear end of the car. An example of flow separation followed by reattachment can be visualized with air flowing over the bonnet and front windscreen as shown in figure. 2; if the rake angle between the bonnet and windscreen is large, the streamline flow will separate from the bonnet and then reattach itself near the top of the windscreen or front end of the roof. The space between the separation and reattachment will then be occupied by circulating air which is referred to as a separation bubble, and if this rotary motion is vigorous a transverse vortex will be established. Thus, the Drag characteristics of a car is nothing but the resistance force of air (fluid) with some velocity, which offered to the car (vehicle) to reduce the speed of the vehicle in which studying these the characteristics of these drag leads to reduce these resistances by implementing modern techniques to increase the speed of the vehicle as well as increase fuel efficiency and economy. 
Computational Fluid Dynamics (CFD)
The efficiency and the financial aspect make CFD a better solution in analyzing the aerodynamics behavior of vehicle .Flexibility and ease of conducting visualization of air flow around the body, increasing accuracy of computational solution, new turbulence models and the increasing computing power are other aspects which show the advantages of CFD. In this caseusing CFX software and ICEM CFD for meshing and SOLIDWORKS for geometric modelling This software is proven to be a very flexible that can create a very efficient analysis . The imported model must be converted into solid in CATIA. Since this simulation deals with external flow of vehicle, flow domain must be created. GAMBIT also includes several features that allow users to control the mesh quality, one of which is the application of size functions. For example, size functions can be used to specify the rate at which volume mesh elements change in size in proximity to a specified boundary. The elements were appropriately concentrated near the car, growing in size as the outer domain limits are reached as shown in Fig.3b . 
Governing equations
Aerodynamic evaluation of air flow over an object can be performed using analytical method or CFD approach. In order to arrive at a reasonable solution, a time averaged NavierStokes equation was used (Reynolds Averaged Navier-Stokes Equations -RANS equations) together with turbulent models to resolve the issue involving Reynolds Stress resulting from the time averaging process. For automotive flow problem involving external aerodynamic flow, only the continuity and momentum equations are of concern. The continuity equation can be presented by a combination of the transient and advection / convection term as . The velocity inlet was the only boundary condition that required the specification of the physical attributes for the flow. The velocity inlet boundary condition is only applicable to incompressible flow. The velocity profile is assumed to be uniform by default, and when the velocity distribution is set, the static pressure is automatically adjusted. In order to obtain force and moment coefficient, reference area and length must be inserted in reference value monitor. The meshed volume with boundary conditions is exported to the CFX software. In this case, the model is assumed to be inviscid and incompressible. Invisid flow is used instead of turbulent model because it is important at this stage to know the drag coefficient of the car purely based on its shape without skin friction (viscous flow) coming into picture. The operating pressure was set to be 1 atmosphere (101.325 kPa). The material used was air .. Due to the fact that the flow is incompressible, the density is considered to be constant. The default value for the density is ( = 1.225 m 3 /kg) and viscosity (μ=1.7894x10 -5 kg/ms) were used. The velocity inlet was the only boundary condition that required the specification of the physical attributes for the flow. The velocity inlet boundary condition is only applicable to incompressible flow. The velocity profile is assumed to be uniform by default, and when the velocity distribution is set, the static pressure is automatically adjusted. In order to obtain force and moment coefficient, reference area and length must be inserted in reference value monitor. 
Wind Tunnel (WT) Experiment
Wind tunnel facility
The aerodynamic study of the car model of scale ratio 1:10 was conducted using subsonic suction type wind tunnel. The subsonic wind tunnel facility can be viewed as an experimental facility wherein the wind flow is simulated in a controlled manner to represent the flow characteristics in the nature and the aerodynamic forces and responses of the model are investigated in a scientific manner. The subsonic wind tunnel main elements include
The inlet section Test section Exit section 
4.3BLOCKAGE RATIO
The blockage ratio of model is the ratio of the frontal-area of the model to test-section-area The blockage ratio should not exceed 7.5% Tunnel test section specification:180cm x 90cm x 120cm frontal area is = 10800 cm² Model specification:36.95 cm x 16.9cm x15.3cm Frontal surface area of the model =16.9x15.3 =258.57 cm² Blockage ratio = 258.57/10800=0.239 Since the blockage ratio is within 7.5% the model can be suitably tested in the test section
The scaled model with tubes is placed in the test section the other ends of the tubes are connected with the ports available in the pressure scanner. The pressure scanner is connected with the computer, to find the pressures in the scanner are measured by using the valve scan software. The measurement is carried out with the different velocities of air and the pressure values are tabulated. 
4.4EXPERIMENTAL SETUP
Experimentally, tests were carried out in an open circuit suction type wind tunnel. A variable speed DC motor employed varies air velocities (5-20m/s). Tests were conducted on a geometrically similar, reduced scale (1:10),differing from actual car only in size and simulating dynamically similar flow situations as it would be enormously expensive and build a full scale car for wind tunnel testing just to find out if the design is acceptable.
VORTEX GENERATORS
A vortex generator (VG) is an aerodynamic surface, consisting of a small vane or bump that creates a vortex. Vortex generators can be found on many devices, but the term is most often used in aircraft design. Vortex generators are most often used to delay flow separation.They are typically rectangular or triangular, about 80% as tall as the boundary layer. They can be seen on the wings and vertical tails of many airliners. Vortex generators are positioned obliquely so that they have an angle of attack with respect to the local airflow.
INSTALLATION OF VORTEX GENERATORS IN THE BASE MODEL
GEOMETRY DETAILS
Length/height = 2 mm Height = 2 mm. Thickness = .5 mm No of VGs =10 Material = Aluminium sheets The vortex generators are installed 10mm from the separation point in the vehicle roof rear end 10 VG's are installed with VGs must be installed at an angle of 15° against the vehicle centerline for the central position, whereas they must be installed at an angle near 0° for outermost positions Table 1 shows comparisons between CFD and wind tunnel results. It is expected that CFD yields lower value because the simulations only take account for inviscid flow where as in wind tunnel experiment, the flow is definitely viscous., the aerodynamics were studied and the drag force and drag coefficent were obtained. This was carried out using CFX software and ICEM CFD for meshing and SOLIDWORKS for geometric modelling. The flow was simulated in four different velocites of 4 ,8,12,16 . From the analysis it was seen that there was a reduction in drag coefficent in the range of 0.10-0.15 and there was a reduction in drag coefficent between 1N observed for a velcoity of 16m/s with the introduction of voretx generators in the geometric model The major aim behind the work is the comparison between the CFD results and the experimental And checking the validation between them 
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